ABSTRACT: Two hundred sixty-eight strip loins were collected from heifers fed at Oklahoma State University in Stillwater, OK. In Exp. 1, heifers (n = 127) were assigned to 1 of 3 health management treatment groups: antimicrobial administrations were given based on standard feedlot protocol (SFP) or ruminal temperature (RT) or given a metaphylactic treatment of tulathromycin (MT) followed by visual assessment (VA). In Exp. 2, heifers (n = 155) were assigned to the same treatment groups as above and were supplemented zilpaterol hydrochloride (ZH) or control (CON). Three steaks were collected from each strip loin, 1 each for retail display, sensory evaluation, and WarnerBratzler shear force (WBSF). Color was evaluated from the retail display steak using a trained color panel and objectively using a HunterLab Miniscan XE. An Instron Universal Testing Machine with a Warner-Bratzler head was used for evaluation of instrumental tenderness, and a trained sensory panel was used to assess palatability traits. Heifers treated by VA had the least number of antimicrobial administrations and lowest yield grade and also had the lightest HCW (P < 0.05) compared with the heifers treated by the other health management protocols. There were no subjective color attribute differences or sensory panel differences (P > 0.05) across all health management systems or antimicrobial administrations.
There were no differences in carcass and performance traits for any antimicrobial administrations treatment groups (P > 0.05). Heifers who had 0 or 1 antimicrobial administrations had lower (P < 0.05) a* (redness/ greenness: positive values = red and negative values = green), and b* (yellowness/blueness: positive values = yellow and negative values = blue) values compared with those who had 2 antimicrobial administrations. In Exp. 2, heifers treated by VA had the least number (P < 0.05) of antimicrobial administrations when compared with MT and RT. Health management group did not have any other effects on carcass, sensory, or color attributes. Zilpaterol hydrochloride supplementation caused a decrease (P < 0.05) in internal fat and yield grade, but no interactions were observed between the number of antimicrobial administrations and ZH supplementation. With the supplementation of ZH, WBSF significantly increased (P < 0.05). At the end of retail display, the control group had a greater (P < 0.05) surface discoloration when compared with the ZH group. Treatment and detection of bovine respiratory diseases (BRD) is critical to the industry economically and results from this study show that different methods can be used to detect BRD without dramatically impacting carcass, sensory, and retail case life characteristics.
INTRODUCTION
Beef producers strive to make their production practices and cattle more efficient not only in terms of dollars but pounds gained per day. To manage this, costs must be decreased that are associated with cattle to reach market weight as efficiently and cost effectively as possible. Along with the environment, another major impact on the growth rate and efficiency of cattle is health. Chronic health problems, especially respiratory infections, can be detrimental to the performance of cattle. Economically, the most important disease affecting feedlot cattle throughout North America is bovine respiratory disease (BRD) complex (Martin et al., 1989; Edwards, 1996) . Respiratory diseases cost the beef industry more than US$690 million annually (National Agricultural Statistics Service, 2006) . Respiratory diseases account for approximately 75% of feedlot morbidity and 50% of mortality (Edwards, 1996) . In 1999, 97.4% of feedlots within 12 states reported an overall BRD incidence of 14.4% (NAHMS, 2000) . Although the medical costs attributable to the treatment of BRD are substantial (Martin et al., 1982; Perino, 1992) , the economic impact of BRD on performance may be even more severe. McNeill et al. (1996) reported that "healthy" steers had greater ADG (1.33 vs. 1.26 kg/d) and 12% more USDA Choice carcasses than cattle defined as "sick" at some point during the finishing period. Martin et al. (1989) , Bateman et al. (1990) , and Morck et al. (1993) reported that gains were lower for feedlot cattle treated for BRD. Unfortunately, proper clinical evaluation may be difficult when diagnosing cattle potentially affected by BRD. Wittum et al. (1996) found that even though 45% of 469 steers were medicated for respiratory disease between birth and slaughter, 72% had pulmonary lesions at slaughter. Diseases such as BRD are commonly detected by visual assessment such as depression, lack of fill, altered gait, ocular or nasal discharge, or general weakness (Gardner et al., 1999; Berry et al., 2004; Rose-Dye et al., 2011) . After clinical symptoms are observed, an illness can be confirmed by elevated body temperature, which is monitored rectally (Baker and Merwin, 1985; Gardner et al., 1999; Berry et al., 2004; Rose-Dye et al., 2011) . Rectal temperature is a key indicator of illness that can be difficult to obtain in many settings, especially large commercial operations or those without proper handling and working facilities (Rose-Dye et al., 2011) .
The negative effects of health on live performance can be carried over to decreased HCW, dressing percentage, external fat, and intramuscular fat and, therefore, a reduction in both quality and yield grade. According to Gardner et al. (1999) , calves treated for BRD have lighter carcass weights compared with calves that were never treated. Additionally, Gardner et al. (1999) observed that calves with lung lesions indicative of BRD at harvest had lower carcass weights, dressing percent, and marbling scores compared with calves with no lung lesions present. These results indicate that quantity and quality of retail product is diminished as the result of BRD. Zilpaterol hydrochloride (ZH) was chosen as the feeding management tool because it provides the ability to produce more pounds of merchandisable product. The objectives of this study were to 1) determine the impact of health management protocols and antimicrobial treatments on carcass, color, and palatability traits and 2) determine the impact of health management protocols and zilpaterol hydrochloride supplementation on carcass, color, and palatability traits.
MATERIALS AND METHODS
The Oklahoma State University (OSU) Institutional Review Board and Institutional Animal Care and Use Committee approved the experimental protocol used in the present study.
Cattle and Treatments -Experiment 1
Strip loins were collected from mixed breed heifers (n = 127), which were fed at the Willard Sparks Beef Research Center of OSU in Stillwater, OK. Heifers were maintained on a 63% concentrate diet (Table 1) , which was offered ad libitum. Further details are reported by Wahrmund (2011) . Heifers were blocked by BW (2 blocks) and stratified using coat color. Using SAS (SAS Inst. Inc., Cary, NC), heifers were assigned randomly to a pen (12 pens per experiment), which had been randomly assigned to 1 of the 3 health management treatments: 1) standard feedlot protocol of visual assessment only (SFP), 2) ruminal temperature (RT) or visual assessment (VA) or both, and 3) metaphylactic treatment of tulathromycin on arrival (2.5 mg/kg BW; Draxxin; Pfizer Animal Health, Exaton, NY) followed by visual assessment (MT). Ruminal temperatures of temperature heifers were examined at 0700 h each morning. Heifers were pulled based on criteria in the TruTag System (Strategic Solutions International, Stillwater, OK) that included sustained temperature thresholds as well as maximum daily temperature thresholds. All heifers were visually evaluated each morning at approximately 0700 h for signs of BRD by 2 trained individuals who were blinded to experimental management methods. Criteria for visual pulls were based on the DART system (Pharmacia & Upjohn Animal Health, Kalamazoo, MI). Clinical signs of BRD included depression (hanging head, sunken eyes, drooping ears, or stiffness), appetite (lack of fill compared with pen mates, off feed, or eating less than or with less aggression than pen mates), and respiratory signs (labored breathing, extended neck and head, and noisy breathing). Calves exhibiting 1 or more of these signs were assigned a severity score of 1 (mild), 2 (moderate), 3 (severe), or 4 (moribund). Calves receiving a severity score of 1 to 4 and calves pulled based on elevated ruminal temperature were brought to the handling facility for further evaluation. Rectal temperature and BW were recorded for each pull. Individual heifers with severity scores of 1 or 2 and those pulled based on ruminal temperature were treated with an antimicrobial if rectal temperature was ≥40°C, and individual heifers with severity scores of 3 or 4 were treated regardless of rectal temperature. Cattle were harvested in Dodge City, KS, on either January 6, 2010, or February 10, 2010. Heifers were fed to a targeted mean final BW of 545 kg and were harvested by BW block within each lot. Total days on feed for the first lot were 218 and 254 d for the heavy and light BW blocks, respectively. Total days on feed for the second lot were 178 and 199 d for the heavy and light BW blocks, respectively. Final BW of heifers were measured 2 d before harvest.
Cattle and Treatments -Experiment 2
Strip loins were collected from mixed breed heifers (n = 155), which were also fed at the Willard Sparks Beef Research Center of OSU in Stillwater, OK. Heifers were maintained on a 67% concentrate diet. Further details are reported in Wahrmund (2011) . During Exp. 2, the heifers were assigned randomly to a pen and also by 2 treatment groups, control (CON) and ZH. This experiment was designed as a 2 × 3 factorial. If assigned to the ZH, heifers were fed Zilmax (7.3 mg/kg ZH; Elanco Animal Health, Greenfield, IN) for the final 20 d of feeding period with a 3 d withdrawal period. Cattle were also assigned to treatments based on VA or RT or selected for MT as stated above. Cattle were shipped to a commercial harvest facility for harvest and data collection. Heifers were shipped to Amarillo, TX, and were harvested either March 10, 2010, or March 31, 2010.
Grading and Fabrication
On the day of harvest, trained OSU personnel completed tag transfer and collected HCW. Carcasses from both experiments were then chilled using facility procedures and the OSU personnel collected all carcass data on the grade chain including marbling score and LM at the 12th and 13th rib interface, KPH percentage, fat thickness (FT), and lean and skeletal maturity. All USDA Quality and Yield grades (YG) were calculated according to the data collected. After grading, strip loins were marked to maintain identity and were followed through fabrication. All strips were fabricated on site into 1 × 0 boneless strip loins. Strips (Institutional Meat Purchase Specifications number 180) were packaged, boxed, and transported back to Oklahoma State University where they were aged for 14 d at 4 ± 1°C before further fabrication.
Sample Preparation of Strip Loins
After 14 d of aging at 4 ± 1°C, strip loin from both experiments were faced on the anterior end and three 2.54 cm steaks were cut. The first steak was placed in a styrofoam tray with a soaker pad and overwrapped with a polyvinyl chloride film and placed directly under retail lighting (Philips Delux Warm White Fluorescent lamps; Andover, MA) for 72 h. The second and third steaks were vacuum packaged and frozen in a blast freezer (-20°C) for subsequent Warner-Bratzler shear force analysis and sensory analysis.
Simulated Retail Display
Steaks from both experiments identified for retail display were packed as previously described and placed in a display case, which was maintained at an average temperature of 1.95 ± 1°C under continuous lighting conditions (Philips Delux Warm White Fluorescent lamps; Andover, MA). The surface of the meat was exposed to 807 to 1614 lux for the entire period in retail display. Steaks were rotated daily and off temperatures were monitored.
Subjective Color Evaluation
An 8-person panel of trained OSU personnel evaluated color subjectively every 12 h during retail display. Panelists were trained using Munsell color tiles (Gretagmacbeth, New Windsor, NY) and had to achieve a passing score before serving on the color panel. Strip steaks were evaluated based on muscle color score, surface discoloration (% metmyoglobin), and overall acceptability. Muscle color was scored using an 8-point scale (1 = extremely dark red and 8 = extremely bright cherry red), surface discoloration was evaluated on a 7-point scale (1 = no discoloration and 7 = total discoloration), and overall acceptability on an 8-point scale (1 = extremely undesirable and 8 = extremely desirable; AMSA, 1991).
Objective Color Evaluation
Objective color was evaluated using a HunterLab Miniscan XE spectrophotometer equipped with a 6 mm aperture (HunterLab Associates Inc., Reston, VA) using the procedures of the Commission Internationale de L'Eclairage (CIE, 1976) to determine color coordinate values for L* (brightness: 0 = black and 100 = white), a* (redness/greenness: positive values = red and negative values = green), and b* (yellowness/blueness: positive values = yellow and negative values = blue). Objective measurement of steaks began with the initial display time and continued every 12 h until 156 h. Three readings were taken from each steak twice daily at 12 h intervals and those values were averaged to get the final L*, a*, and b* values for each steak. Hours 0, 72, and 156 were analyzed as a beginning, middle, and end of retail display measurement, respectively.
Warner-Bratzler Shear Force
Before Warner-Bratzler shear force (WBSF) evaluation, steaks were allowed to temper at 4°C for 24 h. The steaks were cooked using an impingement oven (XLT Ovens, Model 3240TS2; BOFI, Wichita, KS) to an internal temperature of 70°C. After cooking, steaks were allowed to cool for 24 h at a temperature of 2°C. After cooling, 6 cores (1.27 cm diam.) from each steak were removed parallel to the muscle fiber orientation. Each core was sheared once using the Warner-Bratzler head on an Instron Universal Testing Machine (model 4202; Instron Corp., Canton, MA) at a crosshead speed of 200 mm/min. Peak force (kg) of core was recorded by an IBM PS2 (Model 55SX) using software provided by the Instron Corporation. Mean peak WBSF was determined for each steak by averaging the 6 cores.
Sensory Evaluation
Each sensory session was randomized to include steaks from all treatment groups. Steaks were tempered for 24 h at 4°C before cooking then cooked as described above for WBSF. Immediately after cooking, steaks were cut into 1 by 1 by 2.54 cm pieces and placed into a cup with the corresponding number. The numbers were different than the originally assigned numbers so that they would be chronological and would not reflect the original identification number. Cups were placed in individual warmers with heat packs to keep samples warm during the sensory session. The sensory panel consisted of 8 trained panelists (Cross et al., 1978) who were seated in individual booths under red lights in a temperature and light controlled room. The panelists evaluated (AMSA, 1995) the steaks for initial and sustained juiciness (1 = extremely dry and 8 = extremely juicy), initial and overall tenderness (1 = extremely tough and 8 = extremely tender), and connective tissue amount (1 = abundant and 8 = none). Flavor attributes were not evaluated, but each panelist had an available spot on the ballot to denote any off-flavors. Twelve samples were consumed per session in a randomized order. Up to 4 sessions were held per day, 2 in the morning and 2 in the afternoon, and each session was separated by at least a 10 min break. Distilled, deionized water and unsalted crackers were provided to each panelist to cleanse their palates between samples. There were 2 sessions per sitting and sessions were separated by a 10 to 15 min break.
Statistical Analysis
Data were analyzed from each experiment using the mixed procedure of SAS as a 2 × 3 factorial design (supplement × health/antimicrobial) with the animal as the experimental unit and strip loin as the sampling unit for WBSF and color analysis. The ANOVA model included supplement (ZH, or CON) and health management (VA, MT, or RT) or antimicrobial administrations (0, 1, or 2+), the supplement × health/antimicrobial interaction, and block (BW) as the fixed effects and carcass identification number as the random effect. When the interaction was not significant, it was removed from the model and only main effects were analyzed. Color analysis was analyzed as a repeated measures model using the same fixed effects described above. When the model indicated a significant (P < 0.05) treatment effect, least squares means were computed and statistically separated using a pairwise t test.
RESULTS AND DISCUSSION

Performance and Carcass Traits
Heifers in Exp. 1 that were assessed for symptoms of BRD through MT and RT were treated more often than SFP (P < 0.0001; Table 2 ). For the heifers treated with MT, this treatment was recorded in the antimicrobial administration record, and therefore, because MT has a value of 1.02, this reflects the initial dosage of tulathromycin, which was part of the protocol for this treatment group and subsequent treatments were limited to 2. According to retail prices, 1 mL of tulathromycin costs between $3.99 and $4.50. Average BW of heifers used in this trial at receiving was 241 kg, which would make total cost of treating a heifer between $21.14 and $23.85. In a study conducted by Schneider et al. (2009) , 75% of cattle treated were treated within 40 d, which reinforces the concept that initial entry into a feedlot is an important time to observe cattle for signs of BRD. This could also be an important time to administer metaphylactic treatment to cattle to avert future respiratory infections. Tulathromycin is effective not only in the treatment of the respiratory disorders but also in the prevention of the appearance of clinical signs of BRD in the animals sharing the same space (Icen et al., 2009 ). Additionally, heifers, which were treated by SFP, when compared with MT and RT, had the lowest numerical YG (P = 0.003), the least FT (P = 0.006), and lowest HCW (P = 0.058). Heifers treated using MT and RT showed no differences for antimicrobial administrations, YG, and HCW. Values for LM area, internal fat, and marbling score across all treatments revealed no differences. Similar marbling scores being found across all treatment differences is contradictory to several studies (Montgomery et al., 1984 Gardner et al., 1999; Roeber et al., 2001; Schneider et al., 2009 ), all of which reported lower marbling scores for those affected with BRD compared with those unaffected.
All carcasses in Exp. 1 from treated cattle had average marbling scores of Small 00 marbling score (Choice -) or greater and similar (P > 0.05) YG, LM area, and FT (Table 3) . Holland et al. (2010) reported no difference for HCW among BRD treatment categories and a tendency for marbling scores to decrease, but no other differences in carcass characteristics were shown due to number of treatments for BRD in heifers fed to a common backfat thickness. This is contradictory to Garcia et al. (2010) , who reported that cattle treated for BRD had significantly less FT as well as decreased YG than those left untreated. Decreased marbling scores and HCW as BRD treatments increased was reported by Schneider et al. (2009) . Across all treatment levels, there were no effects on carcass traits (Table 2) , reflecting no detriment to the carcass value if cattle were treated properly. However, because the treatment protocol involved a metaphylactic treatment of tulathromycin and very few of those cattle had to be retreated, and as a result, the detriment on carcass traits as reported by others because this single treatment was preventative treatment rather than a response to illness. This would also involve an initial handling to insert the bolus for ruminal temperature monitoring (Strategic Solutions International, LLC, Stillwater, OK) as well as a subsequent handling to administer treatment.
In Exp. 2, there was no significant interaction between treatment type and carcass characteristics (P > 0.05). There was a difference in health management protocol with heifers treated by SFP having the lowest antimicrobial administrations values (P = 0.05) at 0.85 and those treated by MT and RT being the greatest, at 1.35 and 1.29, respectively (Table 4 ). There was no significant effect on marbling scores, which was also shown by Casey et al. (1997) and Plascencia et al. (1999) . Significant differences were shown for internal fat for those supplemented with ZH (P = 0.03); in contrast, Casey et al. (1997) and Plascencia et al. (1999) did not show a difference for internal fat. In the present study, there was also a significant difference in YG (P = 0.01). Similarly, in a study conducted by Montgomery et al. (2009) , ZH supplementation resulted in a 10% decrease in YG for heifers fed in the study. However, Montgomery et al. (2009) did not see a difference in internal fat, which was also shown by Casey et al. (1997) and Plascencia et al. (1999) . Montgomery et al. (2009) also showed a tendency for marbling scores to be decreased with ZH supplementation, which was not shown in the current study. In Exp. 2, an increased number of antimicrobial administrations decreased (P = 0.03) FT (Table 5) . Carcasses from cattle with 0 antimicrobial administrations had 1.3 cm external fat whereas those with 1 antimicrobial administration had 1.2 cm and those with 2 or more antimicrobial administrations had FT of 1.1 cm. In addition, similar decreases were observed for internal fat or percentage of kidney, pelvic, and heart fat (KPH%); as antimicrobial administrations increased, KPH% decreased (P = 0.05). Carcasses from cattle with 0 antimicrobial administrations had greater (P = 0.006) marbling scores than carcasses from cattle with antimicrobial administrations of 1 or more. A decrease in external and internal fat due to BRD has been previously reported by Gardner et al. (1999) , Roeber et al. (2001) , and Snowder et al. (2007) . Also, McNeill et al. (1996) and Gardner et al. (1999) reported a greater percentage of Choice carcasses from those animals not treated for BRD versus those who had been treated. Holland et al. (2010) stated that marbling score tended to decrease as the number of treatments for BRD increased. Additionally, when ZH was supplemented, there was a decrease in internal fat (1.59%; P = 0.03) and a decrease in YG for the ZH and CON heifers (Table 4) . A decrease in YG after ZH supplementation was also shown by Montgomery et al. (2009) . However, a decrease in marbling score was also found by Montgomery et al. (2009) but was not found in Exp. 2 of the current study.
Sensory Panel Attributes
In sensory traits evaluated by panelists, samples from each treatment group in Exp. 1 were similar in values (P > 0.05) for initial and sustained juiciness, tenderness, overall impression, and connective tissue after 14 d of postmortem aging (Table 6 ). The subjective sensory characteristic evaluators measured all characteristics at a desirable range on the scale. Treatment administration did not affect any of the sensory characteristics. Gardner et al. (1999) also reported that treatment for respiratory disease did not decrease tenderness of LM steaks.
No significance was found for any of the sensory characteristics or WBSF in Exp. 1 of heifers not treated or treated (Table 7) . Similar results were found for WBSF by Holland et al. (2010) . However, Garcia et al. (2010) stated that animals not treated for BRD had significantly greater shear force values. Furthermore, those with 2 or more antimicrobial administrations had the least amount of connective tissue detectable by the panelist and Table 4 . Performance and carcass traits for heifers (n = 155) treated by standard feedlot protocol (SFP), given a metaphylactic dose of tulathromycin (Pfizer Animal Health, New York, NY; MT), or treated based on ruminal temperature (RT) and also supplemented with zilpaterol hydrochloride Elanco Animal Health, Greenfield, IN (ZH) 1 antimicrobial administrations had the greatest detectable connective tissue amount, which trended towards significance (P = 0.09).
There were no differences shown for any of the sensory attributes and WBSF in Exp. 2 for VA, MT, and RT treatments (Table 8 ). Cattle fed ZH had steaks with greater (P = 0.0002) WBSF values than steaks from cattle not fed ZH. This is in agreement with other studies that fed cattle ZH for 20 d before harvest Shook et al., 2009 ). There were differences in tenderness (P = 0.01) for the number of antimicrobial administrations in Exp. 2 as well as connective tissue (P = 0.01; Table 9 ). As number of antimicrobial administrations increased in Exp. 2, tenderness increased and connective tissue decreased.
Color Evaluation
There were no differences in subjective color (P > 0.05) for either experiment of the color evaluation attributes (data not presented in tabular form). As time progressed through the end of retail display, muscle color became less cherry red and surface discoloration increased. Overall appearance of the product eventually decreased to the undesirable range; however, this was after a display period of 156 h. These decreases were not associated with treatment and are typical of retail display time associated with exposure to light and oxygen. Steaks were still maintaining an acceptability level of over 6 at 72 h. Regardless of treatment group, all steaks darkened and discoloration appeared over time; however, there were no differences (P > 0.05) shown for any of the objective color evaluation measures (L*, a*, or b*). Values for L* held steady across the entire retail display period; however, a* decreased in value as steaks became less red and more discoloration was evident. Holland et al. (2010) also reported muscle surface color and overall acceptability decreasing over time coupled with increased discoloration but that no pattern in the decline of color or overall appearance could be attributed to BRD. VanOverbeke et al. (2009) reported that zilpaterol supplementation had no effect on discoloration scores. There were no differences shown for objective color evaluation of L*, a*, or b*. There was no difference of surface discoloration with the cattle treated for BRD; however, there was a difference in the 156 h of surface discoloration with the cattle supplemented and not supplemented with ZH. The control group had a greater amount of surface discoloration at the 156 h than the ZH group (2.58 vs. 2.31; P = 0.03).
Conclusion
Treatment and detection of BRD is critical to the industry economically and results from this study indicate that different methods can be used to detect BRD without dramatically impacting carcass, sensory, and retail case life characteristics. It is evident that the supplementation of ZH caused a decrease in internal fat and YG and less surface discoloration throughout retail display of 156 h. Additionally, it appears that as antimicrobial administrations increased so did the tenderness of the product. Ultimately, BRD can be detected and treated with the potential to produce carcasses of similar value and consumer acceptance for beef when compared with carcasses from healthy animals. 2 Observed significance levels for main effects of health management.
3 Evaluated on an 8 point scale: 1 = extremely dry and 8 = extremely juicy. 4 Evaluated on an 8 point scale: 1 = extremely tough and 8 = extremely tender.
5 Evaluated on an 8 point scale: 1 = abundant and 8 = none. 3 Observed significance levels for main effects of antimicrobial administrations.
4 Evaluated on an 8 point scale: 1 = extremely dry and 8 = extremely juicy.
5 Evaluated on an 8 point scale: 1 = extremely tough and 8 = extremely tender. 6 Evaluated on an 8 point scale: 1 = abundant and 8 = none. 2 Observed significance levels for main effects of health management.
3 Pooled SE of treatment of Zilpaterol and control. 4 Observed significance levels for Zilpaterol and control. 5 Evaluated on an 8 point scale: 1 = extremely dry and 8 = extremely juicy. 6 Evaluated on an 8 point scale: 1 = extremely tough and 8 = extremely tender. 3 Evaluated on an 8 point scale: 1= extremely dry and 8 = extremely juicy. 4 Evaluated on an 8 point scale: 1= extremely tough and 8 = extremely tender.
5 Evaluated on an 8 point scale: 1= abundant and 8 = none. 6 Warner Bratzler Shear Force.
